Introduction
Quadriparesis caused by degenerative, mechanical or traumatic injury to the spinal cord is a devastating event on a personal and family level as well as a tremendous financial burden to society because of its attendant morbidity, the expensive and prolonged necessary treatment regime, and the patient's life-long dependence on medical ancillary staff and resources [1] . Cervical spinal injury occurs most frequently in the young male patient at an average age of 35 years. The most frequent etiologies of injury are motor vehicle accidents and falls, followed by violence and sports-related injuries. Approximately 40% of cervical spinal cord injury patients present with complete spinal cord injuries, 40% with incomplete injury, and 20% with either no cord or only root lesions [2] . De-generative spinal cord injury or myelopathy causes slow spinal cord damage and is usually incomplete in neurological status and affects the older generation.
A great deal of discussion has occurred as to which treatment course is most helpful in ensuring maximum neurologic improvement after a cervical spinal cord injury [2] [3] [4] [5] . All these studies show that an early decompression of the spinal cord is crucial in the prognosis of neurological recovery; however, no report has been presented on the advantages of late decompression of the spinal cord in cases that are presented late due to unavoidable circumstances.
In developing countries such as India, especially in rural situations, patients suffering from quadriparisis are usually reported very late with advance symptoms. There are many factors in the rural set-up of India which force them to present late to a doctor. These factors can range from lack of awareness both in the patient as well as in the medical fraternity available in the rural areas, blind faith in the non-traditional methods of treatment, lack of transport, non-availability of modern equipment and facilities (magnetic resonance imaging [MRI], computed tomography [CT] scan) in all the centers and inability to afford modern medical treatment due to monetary restrictions. Mostly, these patients are left to their fate for natural outcomes.
We undertook a case-series study to evaluate the role of decompression and stabilization of cervical spine through the anterior approach. The purpose of this study was to determine the improved neurologic outcome in patients of cervical spinal cord compression present late due to unavoidable circumstances. A subsequent report will discuss the morbidity and cost to provide basic surgical intervention to these patients.
Materials and Methods
This is a prospective study conducted at Jawaharlal Nehru Medical College, Datta Meghe Institute of Medical Sciences, Wardha, a tertiary care centre in rural India. An analysis is presented of evaluating the neurologic outcome after anterior decompressive surgery in late neglected cases of mechanical cervical spinal cord disorder (level III evidence). No benefits have been received from any party.
Of the total 41 patients with cervical spinal cord compression admitted between January 2003 and January 2005, 11 patients met the inclusion criteria and gave their consent for the study. These patients were then subjected to decompression and stabilization and were followed up to observe the outcome.
The following are criteria for the inclusion: 1) Patients with an American Spinal Injury Association (ASIA) impairment scale of A-D, neurologic level of C3-T1, a minimum age of 15 years, and maximum age of 75 years; 2) Patients admitted 3 months after spinal cord injury and who consented for surgical intervention; 3) Cervical spinal cord compression either due to an acute traumatic event or chronic degenerative process with radiographically documented cord compression due to cord encroachment by anterior vertebral body elements, disc material, or posterior vertebral elements as a result of fracture subluxation or dislocation; and 4) Patients or relatives who were able to read and understand the nature of the study and give informed consent.
The following are criteria for the exclusion: 1) There could be no other major associated surgical or orthopedic injury that could interfere with the neurologic examination; 2) There could be no cervical spinal cord abnormalities due to other neurological disease processes (e.g., multiple sclerosis, stroke); 3) There could be no concurrent illness that would interfere with surgery; and 4) Patients with worsening general condition due to complications from long standing immobilization such as chronic bone deep grossly infected pressure sores, severe pneumonia or urinary tract infection were excluded.
All patients underwent preoperative magnetic resonance imaging. Patients in the group were scheduled for surgery at an elective time period according to their coexisting medical issues. Patients with trauma who participated in this study did not undergo a traction reduction before their surgical procedure. None of the patients were treated with steroids. Surgical intervention consisted of relieving pressure on the spinal cord through an anterior decompressive and stabilizing procedure or a stabilization procedure alone. Data collected were analyzed for age, gender, number of days before surgery in the acute hospital setting, number of postoperative days in the acute hospital setting, number of days in rehabilitation, number of days to most recent follow-up, motor score on admission to the acute hospital, motor score on admission to rehabilitation, motor score on discharge from rehabilitation, and motor score at most recent follow-up. Motor and sensory examinations were performed at ad-mission to the acute hospital, at 72 hours postadmission, immediately after surgery, on admission to rehabilitation, on discharge from rehabilitation, and at the most recent follow-up. A standardized neurologic examination form was used in our study, which was adapted from the ASIA score. The information collected included manual muscle test scores of all key muscles, sensory examination of pin prick and touch, sacral and deep tendon reflexes, and 
Results
The group consisted of 11 patients (9 men and 2 women) with an average age of 45.5 years (range, 28 to 67 years).
Five of the patients were posttraumatic and 6 showed compressive spondylolytic myelopathy because of chronic prolapse intervertebral disc. All were quadriplegics of less than grade 3 (nonuseful), 7 patients had parasthesia and sensory losses corresponding to their level of pathology, and 4 had complete loss of sensation below the nipple level. All had a certain degree of bowel and bladder problems. Three had bedsores and two patients had additional flexion contractures of the extremities.
Patients spent an average of 5.5 days before surgery in the acute hospital setting. In 7 patients the single level fusion was performed, in 3 patients double level fusion was performed, and in 1 patient 3 level fusion was performed. All patients underwent contrast MRI of the cervical spine, except one who underwent contrast CT scan.
All the operations were performed under C-arm IITV, under general anesthesia. Anterior approach from the left side was used in all cases, after identification of the levels by needle placement. The commonest level was 5 of C5-6; 2 each of C4-5 and C4-5-6; 1 of C6-7 and 1 of C3-4-5-6 patients. Corpectomy was performed in two patients, 1 patient underwent multilevel discectomy, while the remaining patients ,all underwent single level discectomy. Spinal cord monitoring was not possible intraoperatively because of the lack of equipment.
All patients underwent grafts harvested from the iliac crest and tricortical with and anterior slope. All were stabilized with anterior cervical titanium locking plates.
The mean duration of surgery was 2.11 hours, with a minimum of 1.30 hours and a maximum of 4 hours for a 3 level fusion. One patient in the group died during the acute postoperative period. Patients who had not undergone stabilization with plates were already excluded from this study. The mean follow up is 25.72 months with the longest being 34 months and the shortest being 24 months.
All patients with single level fusion were given soft cervical collars for 3 weeks, primarily as a confidence building measure to mobilize the patient early. Patients with two level fusion were given hard cervical collars for 4 weeks. Three patients needed further surgeries for bedsores, and two had contracture release of extremities. All were mobilized out of bed on a wheelchair by the second postoperative day. One patient died on the 7th day due to pneumonia leading to septic multiorgan failure. All ten patients achieved adequate interbody fusion and graft failures such as collapse, retropulsion, extrusion, or loosening were not observed. In 1 patient, there was a late partial loosening of screws. Of the remaining 10 patients, 6 are independent walkers, walking without support; 3 use walking aids such as a walker or stick; one has not shown any improvement and remains in a wheelchair. In seven patients bowel and bladder symptoms had subsided and the other 3 patients were trained in self catheterization. There were no infections of the surgical site and no reoperation.
None of the patients deteriorated further neurologically. Only one patient complained of a feeling of stiffness of the neck; underwent double level fusion. Clinically there was no remarkable neck movement restriction.
Their average motor score on admission to the hospital was 32.8 (standard deviation [SD], 30.5). Their average motor score on admission to rehabilitation was 38.6 (SD, 32.4) and their motor score on discharge from rehabilitation was 46.2 (SD, 33.7). Their average motor score at the most recent follow-up was 64.0 (SD, 35.3). Patients in this group spent an average of 17.7 days after surgery in the acute hospital setting and 51.1 days in rehabilitation. Their average time to follow-up was 28.3 weeks (Table 3) .
Discussion
In our country, especially in rural areas, patients do not usually report their condition early. The golden standard of decompressing within 6 to 72 hours is usually not feasible for a variety of reasons-non availability of infrastructure, conservative treatment trials, and socioeconomic reasons etc. By the time they report their condition, it is too late. Decompression, even in late reported cases, should be attempted, since this is the best chance offered, even in posttraumatic cases where there is no evidence of cord transactions. The chances of the patient recovering to an effective rehabilitation status are good [6] .
The use of anterior cervical plates reduces the chances of graft loosening, extruding, or collapsing [7, 8] . The use of titanium locking plates has effectively proven to be a better choice as no implant related complications are noted. The stability provided, increases the chance of interbody fusion. Conventional anterior cervical discectomy with fusion is thought to require postoperative neck immobilization for the promotion of bony fusion. Rigid internal fixation with anterior cervical plates may decrease graft-related complications and provide immediate stability. This stability may obviate postoperative external immobilization. However, no reports are available that address the advantages of metallic plating to obviate the use of postoperative neck immobilization and thus promote early mobilization [6, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] ].
Controversy about timing of surgery
Much controversy continues over the timing of surgery after cervical spinal cord injury [19] [20] [21] . Recent studies suggest that earlier surgical decompression within 48 hours results in improved neurologic outcome without an increase in systemic complications [2] . Aebi et al. [6] and Levi et al. [22] concluded that early surgery (<72 hours after spinal cord injury) was the best method of managing cervical spinal cord injury. They believed that a narrow window exists during which spinal cord injured patients could be operated on before complications develop that would postpone surgery. In addition, they speculated that early surgery may provide a better chance to reverse neurologic abnormalities than later surgery [14] . Donovan et al. [3] assessed surgical outcomes retrospectively in spinal cord injury patients and reported no difference in neurologic recovery in surgical versus nonsurgical management. The median time for surgery in their study was 13 days after spinal cord injury, with a range of 1 to 60 days. Aebi et al. [6] found that patients whose cervical dislocations were reduced early, less than 6 hours postinjury, had improved neurologic recovery over later reductions. Miller et al. [8] found that if a cervical reduction was achieved by traction within the first 8 hours of injury, greater neurologic recovery ensued compared with a similar group of age-and injury-matched control patients with cervical reductions longer than 8 hours postinjury.
Late presentation-3 months following trauma or symptoms
The sequence of pathologic changes in neural tissue is known to progress rapidly within the first 8 hours of injury [9, 23] , and if surgery is hoped to improve neurologic function, it may be best to carry it out soon after spinal cord injury and before neuropathologic changes have been established [14] . In addition, patients with spinal cord injuries immediately after trauma are presumably in better physiologic condition than they usually are a week or so later because of the potential risk for development of morbid medical sequelae such as atelectasis, pneu- monia, deep vein thrombosis, and renal insufficiency. Early surgery creates the opportunity for an earlier start of the rehabilitation process, thereby decreasing overall expenses. However, in developing countries, especially in rural areas, the patients usually do not report their condition very early. The golden standard of decompressing within 6 to 72 hour is usually not feasible for a variety of reasons−non availability of infrastructure, conservative treatment trials, socioeconomic reasons, etc. By the time they report their condition, it is too late to offer treatment. Hence, logistically early intervention is precluded by the admitting medical facilities' lack of intensive care capability and experienced personnel required to perform such surgery, necessitating the patient's transfer to a specialty referral center and thereby delaying surgery [22] . This situation is in stark contrast to that of developed countries, which is probably the reason why not many reports and studies, regarding late decompression in these type of patients are available in the literature.
Our findings
Decompression, even in late reported cases should be attempted, as that is the best chance offered for a favorable outcome, even in posttraumatic cases where there is no evidence of cord transactions. The chances of a patient recovering to effective rehabilitation status are good.
There are several weaknesses in the methodology of this study. Herbison et al. [24] found further evidence to support theories that manual muscle testing (MMT), as was used in our study and as the norm suggested by ASIA, may be inferior to measurements performed with a hand-held myometer (MYO), as was described by Scott et al. [13] . Their rationale is that for a patient to receive a grade of 3.0 by MMT, the muscle needs only a relatively small fraction of motor neurons to function properly [24] . In contrast, strength grades of greater than 3.0 require a disproportionately greater number of active motor neurons [25] . This leads to a relatively insensitive method of measuring changes in muscle strength by subjectively grouping into muscle grades. Through the use of MYO, subtle changes in muscle strength can be perceived that cannot be detected by MMT. In numerous other studies, researchers supported the use of MYO as an effective method of sensitive muscle strength testing [7, 11, 26, 27] . Therefore, our data may be inaccurate because of our motor measurement method. The sample size is small, there is no control group, and randomization was not performed.
Conclusions
In late reported cervical myelopathy, anterior cervical decompression with interbody fusion is effective, improves the functional outcome in incomplete quadriplegic patients and combined with anterior cervical plating minimizes the risk of failure of grafts, and provides adequate stabilization. Decompression even in late reported cases should be attempted as it is the best chance offered for a favorable outcome, even in posttraumatic cases where there is no evidence of cord transactions. The chances of the patient recovering to effective rehabilitation status are good.
